Fat-associated lymphoid clusters (FALCs) are a type of lymphoid tissue associated with visceral fat. Here we found that the distribution of FALCs was heterogeneous, with the pericardium containing large numbers of these clusters. FALCs contributed to the retention of B-1 cells in the peritoneal cavity through high expression of the chemokine CXCL13, and they supported B cell proliferation and germinal center differentiation during peritoneal immunological challenges. 
The peritoneal and pleural cavities support rapid immune responses when the integrity of the intestine or the lungs is compromised or lost. They contain innate-like B cell populations that produce natural antibodies vital for the early control of infection and provide protection against autoimmunity and contribute to adaptive immunity [1] [2] [3] [4] [5] [6] [7] . These B-1 cells recirculate between the peritoneal space and the omentum 8 , a sheet of intra-abdominal adipose tissue (AT) containing lymphoid structures called 'milky spots' [9] [10] [11] [12] . When peritoneal inflammation occurs, the number and size of milky spots increase and the recruitment of lymphocytes and macrophages that phagocytose particles and pathogens is substantially augmented 9, 11, 12 . The omentum also acts as a secondary lymphoid structure that promotes immunity to peritoneal antigens 10, 12 .
The existence of B cell-rich clusters in AT has been extended to the rest of the visceral fat in the peritoneal and pleural cavity 13, 14 . These have been called 'fat-associated lymphoid clusters' (FALCs) 14 . Their existence is associated with the presence of group 2 innate lymphoid cells (ILC2 cells) [14] [15] [16] [17] in visceral AT, yet no direct evidence has shown that ILC2 cells induce the formation of FALCs 14 . The exact composition of these clusters and their relative distribution in AT, as well as their function and the mechanisms that regulate their formation, remain unknown.
Here we found that the distribution of lymphoid structures in AT was very heterogeneous, with the omentum, the pericardium and mediastinum being the tissues that contained the largest number of FALCs. We report that the development of FALCs was regulated by unique cellular and molecular mechanisms that, in contrast to the mechanisms used by other secondary lymphoid tissues, did not involve lymphoid tissue-inducer (LTi) cells, ILC3 cells or the lymphotoxin β-receptor (LTβR) pathway [18] [19] [20] . Their postnatal formation was partly dependent on signaling via the tumor-necrosis factor receptors (TNFRs) and the presence of the commensal flora. FALC stromal cells had high expression of the chemokine CXCL13 that was crucial for the recruitment and retention of B cells in the clusters. Inflammationinduced formation of FALCs required TNF expression by myeloid cells and TNFR signaling in stromal cells. Peritoneal immunization with T cell-independent and T cell-dependent antigens induced the differentiation of B cells into plasma cells and germinal center (GC)-like B cells in FALCs, indicative of an important function for these clusters during immune responses. Finally, we found a key role for antigen-presenting molecule CD1d-restricted natural killer T cells (NKT cells), a subset of T cells for which AT shows enrichment, and interleukin 13 (IL-13) in the inflammation-induced formation of FALCs. 
A r t i c l e s

RESULTS
Visualization and characterization of FALCs
Whole-mount immunofluorescence staining of the main visceral AT, and a fluorescence stereomicroscope, allowed the visualization (Fig. 1a) and quantification (Fig. 1b) of CD45 + cell clusters present in the omental, gonadal, mesenteric, mediastinal and pericardial fat. In the peritoneal cavity, the omentum was the fat depot with the highest density of lymphoid clusters (8,000 clusters per gram), with a mean of 80 milky spots per omentum (Fig. 1b) . The mesenteric fat depot contained a median of 120 clusters per gram, with a mean of 16 clusters per mesentery, while gonadal AT had 8 clusters per gram, with a mean of 1-2 clusters per depot (Fig. 1b) . In the pleural cavity, the pericardium had the highest density of lymphoid clusters (5,400 clusters per gram), with a mean of 40 clusters per tissue (Fig. 1b) . The mediastinum, with a density of 2,100 clusters per gram and a mean of 9 clusters per mediastinum, accounted for the rest of the FALCs in the pleural cavity (Fig. 1b) . This analysis revealed the considerable heterogeneity in the lymphoid cluster content of ATs.
We characterized the cellular composition of the clusters by wholemount immunofluorescence staining of mouse mesenteric tissues with antibodies specific for the T cell-specific coreceptor CD4, the hematopoietic marker CD45, immunoglobulin M (IgM) and the common myeloid marker CD11b (integrin α M ), followed by confocal microscopy. In resting conditions, FALCs were composed mostly of IgM + B cells, with low numbers of CD4 + T cells and CD11b + myeloid cells ( Fig. 1c and Supplementary Fig. 1 ). We observed clusters of various sizes and degrees of B cell-T cell segregation in individual mice (Supplementary Fig. 1 ). A fraction of B cells expressed CD11b and had abundant surface IgM (data not shown), which indicated that these were probably B-1 cells. We did not detect any difference in the hematopoietic composition of FALCs from the mesentery, mediastinum or pericardium that resembled the milky spots of the omentum (data not shown). FALCs seemed to be highly vascularized, as shown by the presence of CD31 + blood vessels (Fig. 1d) . However, we were unable to detect any distinct connection with Lyve-1 + lymphatic vasculature (Fig. 1d) . Only scattered Lyve-1 + macrophages were present in close proximity to FALCs (Fig. 1d) .
We used mesenteric ATs, in which FALCs were easier to identify and quantify, for the rest of our study. FALC formation was initiated after birth, with the first clusters identified in the mesenteric tissues of 2-to 3-week-old mice, and their number increased to reach a plateau at around 18 weeks of age (Fig. 1e) . These results showed that FALCs were present in various visceral ATs in variable numbers and contained mainly B cells, with low numbers of T cells and myeloid cells.
High expression of CXCL13 by stromal cells in FALCs
To understand how B cells and T cells were recruited to FALCs, we used quantitative PCR to assess the expression of genes encoding the homeostatic chemokines CXCL13, CCL21 and CCL19 and the cytokine IL-7 in isolated clusters. Cxcl13 expression was higher in FALCs than in the associated AT (>100-fold) or lymph nodes (LNs) (10-fold) (Fig. 2a) . In contrast, FALCs did not show enrichment for Ccl21, Ccl19 and Il7 transcripts relative to their abundance in the other tissues analyzed (Fig. 2a) . In agreement with those findings, the number and composition of FALCs in CCL21-and CCL19-deficient mice (of the plt/plt ('paucity of lymph node T cells') strain) and Ccr7 −/− mice showed no difference relative to that in their wild-type counterparts (Fig. 2b,c) . Transcripts encoding TNF and lymphotoxin-β both had high expression in FALCs (Fig. 2b) , which might have reflected the considerable abundance of B cells in these clusters.
Immunofluorescence staining revealed the presence of CD45 − CXCL13 + stromal cells with an elongated morphology (Fig. 2d) that resembled follicular dendritic cells. Signaling via LTβR and/or TNFR is involved in inducing Cxcl13 expression in spleen and LN follicular dendritic cells [21] [22] [23] . However, CXCL13 + cells were present in FALCs of Ltbr −/− mice, mice doubly deficient in TNFR1 and TNFR2 (Tnfrsf1a −/− Tnfrsf1b −/− ) and lymphocyte-deficient Rag2 −/− mice ( Fig. 2d) , which demonstrated that CXCL13 expression by FALC stromal cells was independent of signals induced by these receptors and the presence of lymphocytes 24, 25 .
To determine whether CXCL13 expression was required for the recruitment of B cells into FALCs, we analyzed mice deficient in CXCR5, the receptor for CXCL13. A normal number of FALCs formed in the mesenteric tissues of these mice, but the number of B cells present in the clusters was markedly reduced (Fig. 2b,c) . Thus, CXCL13 was not important for FALC formation but was essential for the recruitment of B cells. These data were consistent with reports , gonadal AT (n = 7 mice) and mesenteric AT (n = 6 mice)), the pleural cavity (mediastinal AT (n = 13 mice) and pericardial AT (n = 8 mice)), and in subcutaneous fat (n = 7 mice Fig. 2a,b) . The frequency of Ki67 + (proliferating) B-1 cells was three times higher in the mesenteric tissues than in the peritoneal cavity lavage or the spleen and reached 70% for CD5 + CD11b + B-1a cells, 50% for CD5 − CD11b + B-1b cells and 40% for CD5 + CD11b − B-1c cells (Supplementary Fig. 2a,b) . Up to 40% of B-2 cells also proliferated in response to NP-Ficoll ( Supplementary  Fig. 2a,b) . Whole-mount staining of the mesenteric tissues 24 h after immunization showed considerable enlargement of FALCs and an increased frequency of IgM + cells (Supplementary Fig. 2c ).
To confirm that FALC B cells secreted IgM, we quantified antibody-forming cells in QM × C57BL/6 (B6) (Igh NP/+ Igk +/− ) mice 33 , in which 5% of the total B cell population is NP-specific, at 4 d after intraperitoneal immunization with NP-Ficoll. Enzyme-linked immunospot assays confirmed the population expansion of NP-specific B cells expressing IgM in the immunized mice (Fig. 3a, top) , as well as a significantly greater number of IgG + antibody-forming cells in the FALCs and spleen of immunized mice than in that of PBS-treated mice (Fig. 3a, bottom, and b) . We obtained further evidence of immunoglobulin class switching in FALCs by immunization of C γ 1-Cre × QM ACTB−tdTomato,−EGFP mice (Igh NP/Cγ1Cre Igk −/−ACTB−tdTomato,−EGFP ) with NP-Ficoll. These mice carry one copy of the gene encoding Cre recombinase in the region encoding constant region C γ 1 in the immunoglobulin heavy-chain locus (Igh), one copy of the gene encoding NP-specific immunoglobulin heavy chain from QM mice, and the gene encoding the reporter mTmG (membrane Tomato membrane Green). Immunization of these mice with NP-Ficoll induced B cell activation and immunoglobulin class switching with concomitant expression of Cre recombinase that resulted in switching of the membrane reporter from IgM (red) to IgG (green). Whole-mount immunofluorescence analysis revealed that immunization with NP-Ficoll induced the appearance of clusters of class-switched (green) B cells in the mesenteric tissues (Fig. 3b) . The early and 'preferential' proliferation of B-1 cells in FALCs, as well as the presence of IgM-and IgG-producing cells, demonstrated that these clusters contributed to peritoneal cavity B-1 cell immune responses to type II antigens.
We assessed the role of FALCs in T cell-dependent immune responses by adoptive transfer of peritoneal lavage cells from QM/QMGt(ROSA)26Sor eYFP/+ mice (QM/QM mice heterozygous for the gene encoding enhanced yellow fluorescent protein (eYFP)) into C57BL/6J recipients that we subsequently immunized by intraperitoneal injection of alum-precipitated NP-ovalbumin (NP-OVA). Flow cytometry of cells isolated 8 d after immunization showed a significantly greater frequency and number of antigen-specific B cells and CD38 − GL7 + GC-like B cells in FALCs, spleen and mesenteric LNs (mLNs) of mice immunized with NP-OVA than in that of their counterparts treated with PBS ( Fig. 3c,d and data not shown). An endogenous immune response was elicited by intraperitoneal immunization of C57BL/6J mice with alum-precipitated phycoerythrin. In agreement with the results reported above, flow cytometry of cells from the FALCs, spleen and mLNs showed a 100-fold greater proportion and number of phycoerythrin-specific B cells and GC-like B cells in mice immunized with phycoerythrin than in their PBS-treated counterparts ( 
Cells and signals required for FALC development
The development of LNs and Peyer's patches is dependent on the activity of LTi cells and engagement of LTβR [18] [19] [20] . To determine whether the formation of FALCs followed the same cues, we assessed their presence in mouse strains deficient in LTβR (Ltbr −/− ), lymphotoxin-α (Lta −/− ) and the transcription factor RORγt (Rorc −/− ), in which LN development is fully impaired [34] [35] [36] . The number and composition of FALCs in these strains was identical to that in wild-type mice npg A r t i c l e s (Fig. 4a,b) , which indicated that the development of FALCs was independent of LTi cells or ILC3 cells and engagement of LTβR. To determine whether any other lymphoid cell type was involved in FALC formation, we analyzed Rag2 −/− mice, which lack lymphocytes, and Rag2 −/− Il2rg −/− mice, which are deficient in both lymphocytes and ILCs (deficient in Rag2 and the gene encoding the common γ-chain (Il2rg)). FALCs were present in normal numbers in Rag2 −/− mice; however, they were absent from Rag2 −/− Il2rg −/− mice (Fig. 4a) . This revealed a potential requirement for ILCs and/or NK cells for the initiation of cluster formation. Il15 −/− mice, which have a considerable defect in NK cell development, had a FALC abundance similar to that of their wild-type counterparts (data not shown), which ruled out the possibility of a role for NK cells in the formation of these clusters. Flow cytometry of mesenteric tissues from wild-type and Rag2 −/− mice demonstrated the presence of Lin − c-Kit + Sca-1 + IL-7Rα + ILC2 cells (Supplementary Fig. 3a) . Over 80% of the Lin − CD90 + Sca-1 + NK1.1 − cells present in FALCs of Rag2 −/− mice were ILC2 cells (Supplementary Fig. 3b ). Immunofluorescence staining of mesenteric tissues of Rag2 −/− mice also identified clusters of CD90 + CD11b − cells in FALCs that corresponded to ILCs (Supplementary Fig. 3c ).
Tnfrsf1a
As the lymphotoxin-α-LTβR pathway was not required for the formation of FALCs, we assessed the role of TNF, another key regulator of lymphoid tissue organization 22, 23, 37 . We observed fewer and smaller FALCs in Tnfrsf1a −/− Tnfrsf1b −/− mice compared with those in wild-type mice (Fig. 4a,b) . Conversely, we observed an eightfold greater number of FALCs and larger clusters in Tnf +/∆ARE mice (which carry a deletion that results in the accumulation of Tnf mRNA and TNF protein) than in their wild-type littermates (Fig. 4a,b) . Thus, we concluded that TNF signaling promoted the formation of FALCs.
Colonization by the commensal flora is involved in the postnatal development and maturation of the gut-associated lymphoid tissues [38] [39] [40] [41] . Germ-free mice had twofold fewer FALCs than specific pathogen-free (wild-type) mice had (Fig. 4a,b) , which indicated that the commensal flora partly contributed to the formation of the FALCs. Overall, these analyses revealed that the formation of FALCs was dependent on a type of ILC different from LTi cells and other RORγt + ILC3 cells and was partly dependent on TNF signaling and colonization by the commensal flora.
Peritoneal inflammation leads to rapid formation of FALCs
Since the formation of FALCs was enhanced in Tnf +/∆ARE mice, which develop inflammation in the colon and joints, we assessed the effect of acute sterile peritonitis on cluster formation. Peritoneal inflammation npg driven by zymosan led to a much greater size and number of FALCs at day 3 than did treatment with PBS, with the clusters becoming visible under the dissecting microscope without counterstaining (Fig. 4c) , and their numbers doubling (Fig. 4d) . Immunofluorescence staining showed that this was associated with the recruitment of CD11b + myeloid cells (Fig. 4e) that were mostly Gr-1 lo−neg Ly6C lo−neg F4/80 + macrophages ( Supplementary Fig. 4) . Thus, peritoneal inflammation led to a general expansion of FALCs.
TNF signaling induces FALC formation
To test the hypothesis that TNF contributed to FALC formation, we immunized Tnfrsf1a −/− Tnfrsf1b −/− mice with zymosan. Even though existing FALCs were larger in mice immunized with zymosan than in their PBS-treated counterparts and recruited CD11b + myeloid cells, zymosan failed to induce new formation of FALCs at day 3 after injection in this Tnfrsf1a −/− Tnfrsf1b −/− strain (Fig. 5a) .
We then sought to determine whether signaling via TNFR on stromal cells was required for induction of the formation of FALCs following injection of zymosan. We lethally irradiated wild-type and Tnfrsf1a −/− Tnfrsf1b −/− recipient mice, reconstituted these mice with wild-type bone marrow donor cells and gave them an intraperitoneal injection of zymosan. Reconstitution of Tnfrsf1a −/− Tnfrsf1b −/− recipient mice with wild-type donor bone marrow did not restore FALC formation when inflammation developed at day 3 after injection, as it did in the control wild-type chimeras that received wild-type bone marrow (Fig. 5b) . Thus, our data indicated that radiation-resistant stromal cells responded to TNF and induced FALC formation.
To determine the cellular origin of the TNF, we used mouse strains with specific deletion of Tnf in CD4 + T cells (T-TNF; Cd4-Cre), B cells (B-TNF; Cd19-Cre) or macrophages and neutrophils (M-TNF; Lysm-Cre). Specific ablation of Tnf in T cells or B cells did not impair the induction of cluster formation upon inflammation, as shown by the threefold and twofold greater number of FALCs observed in T-TNF mice and B-TNF mice that received zymosan than in their PBS-treated counterparts (Fig. 5c) . In contrast, the loss of Tnf expression in neutrophils and macrophages in M-TNF mice resulted in the absence of new FALC formation following injection of zymosan, even though CD11b + myeloid cells were recruited to the clusters (Fig. 5c) . Intracellular flow cytometry confirmed that the TNF + cells were of myeloid origin (data not shown), with 40% of F4/80 + macrophages and Ly6C hi F4/80 − monocytes displaying intracellular TNF expression in the mesenteric tissues after injection of zymosan (Fig. 5d) . Once correlated to their cell number, macrophages represented 60% of all TNF + myeloid cells in the mesenteric tissues (Fig. 5d) .
Together these results demonstrated the importance of macrophages as a key source of signaling via TNF and TNFR in stromal cells for the new formation of FALCs when inflammation developed.
FALC formation after inflammation requires invariant NKT cells
Given the prevalence of B cells in FALCs, we evaluated their role in the inducible formation of these clusters. To do so, we analyzed the effect of intraperitoneal injection of zymosan into T cell-and B cell-deficient Rag2 −/− mice and into B cell-deficient µMT (Ighm −/− ) mice. B cells were not involved in FALC formation, as shown by the threefold greater number of clusters in mice given injection of zymosan than in mice that received PBS (Fig. 6a) , as well as the recruitment of CD11b + myeloid cells (Fig. 6b) . However, peritoneal inflammation failed to induce cluster formation in Rag2 −/− mice (Fig. 6a) , which indicated a requirement for T cells. We confirmed that result with Tg(CD3E)26Cpt mice, in which the development of T cells, NK cells and NKT cells is blocked. Inflammation induced the recruitment of myeloid cells into FALCs in both Rag2 −/− mice and Tg(CD3E)26Cpt mice as it did in wild-type mice (Fig. 6a,b) . γδ T cells were not involved in FALC formation after the development of peritoneal inflammation, as shown by the fivefold greater number of FALCs in mice deficient in the T cell antigen receptor (TCR) δ-chain (Tcrd −/− mice) after injection of zymosan than after injection of PBS (Fig. 6a,b) .
We next assessed the role of CD1d-restricted NKT cells in inducible FALC formation. Zymosan failed to induce cluster formation at day 3 after injection in Cd1d −/− mice (Fig. 6a,b) . This result indicated a role for NKT cells in FALC formation. invariant NKT cell (iNKT) population, due to its use of the TCRα chain (containing α-chain variable region 14 and α-chain joining region 18 (V α 14-J α 18) in mice). iNKT cells recognize and strongly respond to the synthetic glycolipid α-galactosylceramide (α-GalCer) presented on CD1d 28 . Published studies have reported the presence of iNKT cells in AT and their role in the regulation of metabolism [42] [43] [44] [45] [46] . Flow cytometry with antibody to the invariant signaling protein CD3ε (anti-CD3ε) and tetramers of CD1d and the α-GalCer analog PBS-57 (CD1d-PBS-57) confirmed that ATs showed particular enrichment for iNKT cells, which represented up to 6% of all lymphocytes, relative to their abundance in the spleen or mLNs, which contained approximately 0.03% or 0.1% iNKT cells, respectively (Fig. 7a) . To detect iNKT cells in situ, we labeled iNKT cells with the division-tracking dye CFSE, isolated them through the use of CD1d-PBS-57 tetramers and transferred them into wild-type mice and found that these cells were indeed recruited to FALCs (Fig. 7b) .
Activation of invariant NKT cells induces FALC formation
We next assessed the effect of the activation of iNKT cells on FALC formation by intraperitoneal injection of α-GalCer into wild-type mice. Injection of α-GalCer elicited twofold more clusters than did injection of vehicle (Fig. 7c) . This observation demonstrated that direct activation of iNKT cells via the TCR was sufficient to induce cluster formation. We then assessed whether TNFR pathways were also required for cluster formation following activation of iNKT cells via the TCR. The formation of FALCs after injection of α-GalCer was abrogated in Tnfrsf1a −/− Tnfrsf1b −/− mice (Fig. 7d) , which indicated a need for signaling through the receptors TNFR1 and TNFR2.
To determine whether iNKT cells were sufficient to restore inflammation-induced FALC formation in Rag2 −/− mice, we transferred sorted splenic iNKT cells or CD3 hi cells by intraperitoneal injection into these mice, 24 h before immunization of the mice with zymosan. Only mice that received iNKT cells showed an increase in the number of FALCs after injection of zymosan (Fig. 7e) .
We next assessed the effect of the selective loss of iNKT cells on the formation of FALCs after the development of zymosan-induced inflammation. In mice lacking the gene segment encoding the TCRα chain J α 18 region, FALC numbers were twofold greater after injection of zymosan than after treatment with PBS (Fig. 7f) , which indicated that iNKT cells were not absolutely required for the formation of these clusters. Together these results indicated that even though iNKT cells were sufficient to restore cluster formation in Rag2 −/− mice, the function of iNKT cells and other non-invariant CD1d-restricted NKT cells seemed to overlap during inflammation-induced FALC formation. zymosan-induced inflammation in mice deficient in either of these cytokines. FALC formation induced by the injection of zymosan was not impaired in Ifng −/− mice ( Supplementary Fig. 5 ), which indicated that IFN-γ was not required for this. In contrast, zymosan failed to induce the formation of new clusters at day 3 after injection in mice deficient in the cytokine receptor IL-4Rα (Il4ra −/− mice), in which signaling via IL-4 and IL-13 is impaired, while BALB/c wild-type mice responded with a twofold greater number of FALCs than that of their counterparts treated with PBS (Fig. 8a,b) . The number of FALCs was two times greater in untreated mice of the the BALB/c strain than in their C57BL/6J counterparts (data not shown), which suggested that the T H 2 bias of the former contributed to their greater number of FALCs.
To determine the respective contributions of IL-4 and IL-13, we studied FALC formation in Il4 −/− and Il13 −/− mouse strains. In both mutant strains, injection of zymosan led to the formation of new clusters (Fig. 8a,b) , which suggested that IL-4 and IL-13 served redundant functions on the BALB/c background. However, IL-13 had a critical role in inflammation-induced FALC formation on the C57BL/6J background, as shown by the absence of new cluster formation in Il13 −/− mice at day 3 after injection of zymosan (Fig. 8c) . To determine whether IL-13 produced by iNKT cells was sufficient to restore inducible FALC formation in Il13 −/− mice, we transferred sorted splenic wild-type iNKT cells into host mice 24 h before immunizing these mice with zymosan. We found that IL-13-sufficient iNKT cells induced slightly more FALCs in Il13 −/− mice that received zymosan than in their counterparts treated with PBS, but this result did not reach statistical significance (Fig. 8c) . These results indicated that the production of IL-13 by iNKT cells contributed to inflammation-induced FALC formation but that additional sources of IL-13 might be required. We finally assessed the role of signaling via IL-4Rα in the formation of FALCs driven by direct activation of iNKT cells. Injection of α-GalCer failed to induce FALCs formation in Il4ra −/− mice (Fig. 8d) . These findings indicated that the formation of FALCs through direct activation of iNKT cells also required signaling via IL-4Rα.
IL-4 partially restores FALC formation in the absence of TNF
Our results showed that signaling via TNFRs and IL-4Rα was necessary for inflammation-induced FALC formation. To investigate whether crosstalk between these receptors was necessary for this, we performed a series of combinatorial and rescue experiments. Injection of TNF and a complex of IL-4 and anti-IL-4, either alone or in combination, was not sufficient to induce cluster formation ( Supplementary  Fig. 6a) ; this indicated that other factors were involved in this process. Intraperitoneal injection of TNF did not restore the zymosan-induced formation of FALCs in Il4ra −/− mice (Supplementary Fig. 6a ). In contrast, intraperitoneal injection of the IL-4-anti-IL-4 complex resulted in a small but significantly greater number of zymosan-induced FALCs in Tnfrsf1a −/− Tnfrsf1b −/− mice than in their littermates that received zymosan only (P = 0.0029; Supplementary Fig. 6b ). This indicated that IL-4 was able to partially restore cluster formation in the absence of TNFR signaling and thus might act downstream of TNF.
DISCUSSION
In this report we have defined the requirements for the formation of an additional type of lymphoid tissue, the FALC. In the peritoneal cavity, mesenteric FALCs and omental milky spots accounted for almost all (>96%) of the lymphoid clusters associated with AT. In the pleural cavity, the pericardium and mediastinum showed a density of lymphoid clusters approaching the density in the omentum. Peritoneal inflammation induced rapid new formation of a large number of FALCs, which reached a two-to threefold greater abundance than their abundance in resting conditions. This effect was dependent on TNF expression by myeloid cells and TNFR signaling on stromal cells. The coupling of inflammation and rapid FALC formation provides a platform for linking innate and adaptive immune responses that support rapid B cell proliferation and natural antibody secretion in the body cavities following infection. The new formation of FALCs also necessitated the activation of iNKT cells and signaling through IL-4Rα. Notably, triggering of iNKT cells via ligation of the TCR was sufficient to induce formation of FALCs that was also dependent on signaling via TNFR and IL-4Rα. Therefore, the induction of FALC formation seemed to require both an inflammatory signal, delivered by TNF, and a T H 2 or resolution signal transduced by IL-4Rα. How FALC formation is timed with the initiation of the resolution of inflammation and whether FALCs have a role in the resolution phase remain to be investigated.
ATs constitute an important reservoir of stem cells for the formation of lymphoid stroma in LNs during development 22, 48 and immune responses 49 . It is thus conceivable that FALC stromal cells originate from AT stem cells or perivascular cells, as has been shown for follicular dendritic cells 22 .
We have reported here a lymphoid organogenic activity for NKT cells. Not only were NKT cells necessary for the formation of FALCs during inflammation, but also their sole activation was sufficient to induce new formation of FALCs. Published studies have emphasized the role of NKT cells in the regulation of AT metabolism in normal nutrient homeostasis and during obesity [42] [43] [44] [45] [46] . Whether the metabolic activity of NKT cells is linked to their ability to induce FALC formation and alter the homeostasis of other hematopoietic cells present in ATs remains to be investigated.
METHODS
Methods and any associated references are available in the online version of the paper. 
